Introduction
Thailand is famous for its agricultural production and export to the world. According to the FAO [1] , Thailand is the 15th largest food exporting and 8th largest net Table   1 shows the trend of the import of fertilizers and pesticides from 1998 to 2002. Those amounts (quantity and value) have been increased, recalling that more and more farmers in Thailand use agrochemicals.
The actual agrochemical usage is different from region to region. Figure 1 shows the trend of percentage of farmers using agrochemicals in each region.
According to the figure, the percentage of agrochemical users is higher in the central and the northern region. Focused on these 2 areas, the agrochemical usage According to the announcement, Thai government will work on the following matters.
First, agrochemical usage in production would be reduced by half. Second, the technologies to reduce the agrochemicals would be extended. Third, the educational activity for farmers would be conducted, to promote proper agrochemical purchase and usage. To accomplish this, the government would tighten the safety standard in some agricultural products, especially 12 items of fruits and vegetables for export. Fourth, the permission criteria of agrochemical import would be reviewed, to restrict the import volume to minimum necessities. Though the actual schedule to accomplish the strategy has not been known, it is clear that now Thai government is willing to reduce the agrochemical usage, and Japanese side could help them by agricultural technology development and cooperation.
On the other hand, a series of technology development has been conducted to contribute the Thai government strategy, and one effort is the JICA's (Japan International Cooperation Agency) project, whose title is the Appropriate Technologies for Reduction of AgroChemicals in northern Thailand (ATRACT). This project was launched in November 2003 by the collaboration between Chiang Mai University, Mie University and Kagawa University, and terminated in November 2006. The purpose of the project is to actualize the situation where agrochemicals are used in appropriate ways based on precise diagnosis of disease, insect and weed damage at agricultural fields in northern Thailand (JICA [3] ).
The project has delivered much development, such as diagnosis of major disease and insect damage in the region and improvement of simple kits to detect agrochemical residues. The main objective of the project is to develop the alternative technologies to reduce agrochemical usage. In the project, three crops were chosen as the targets of the technology development, which are tangerine, rose and crucifers.
Focused on tangerine and rose, the results of the technological development can be shown in Table 2 . According to the table, the alternative technologies have been well developed in both fertilizer and pesticide, except the technologies for pesticide reduction in rose production.
According to JETRO [2] , the northern region has relatively good soil, climate and irrigation. Upland crops, fruits and vegetables production have been flourished in this region.
The technology development has been carried out in the experimental plot of the actual farms (model farms). However, to evaluate the benefit of the developed technologies in farm businesses, a series of case studies must be conducted.
Case Studies
To analyze the economic effect of the technologies in farm businesses, the case study survey was carried.
The purpose of the study was to reveal the actual agrochemical usage and the economic effect of the technologies.
( Table 5 shows the comparison of the agrochemical material cost between the farmer's plot (FP) and the experimental plot (EP). According to the table, the cost of fertilizer is reduced by 80.6% or 85.4%, as only Urea or Homemade Slow Release were used as fertilizer in EP. The cost of disease control is reduced by 58.0%, and that of insect control is 11.6%.
To conduct the economic comparison on the agrochemical usage, several cases have to be defined, as the experiment on fertilizer and that of disease and insect control were conducted at independent plots. Table 6 indicates the case definition. FP is the farmer's plot, as all three operations were done as farmer's conventional practice. In case 1, the experimental operation was conducted on the fertilizer by using urea, and the remainder followed the farmer's practice. In case 2, the experimental operation was conducted on the fertilizer by using another method HSR (Homemade Slow Release). In case 3, the experimental operation was conducted on the disease and insect control, and that of the fertilizer followed the farmer's practice. Case 4 is not based on the real experiment. It is presupposed that all three operations were conducted at the same time on the same plot. 72.6% reduction per production volume. However, the sufficient ratiocinative explanation can not be put on the reason why the number of fruits in case 1 was so large. It should be considered that the cost reduction per rai indicates the practical effect. The more data collection will be required to reveal the actual effects1).
(2) Rose Cases Rose is the one of the most important cash crops in northern Thailand. Therefore agrochemical reduction in rose production is the most formidable challenges for agriculture in the region.
In ATRACT project, many attempts to reduce agrochemicals have been held on rose production, such as fertilizer management, chemical residue analysis and disease control. However, the results are not enough to conduct the economic evaluation on agrochemical reduction technologies, as there are only a few achievements in insecticide reduction technology. Therefore this study focuses on the cost structure on the rose production, to reveal the economic significance of pesticide reduction.
To reveal the cost structure of rose production, the data of 2 farms are available. One is the model farm located at Pong Yang, Mae Rim (Farm A), and the other is a farm located at San Kanpheang (Farm B). These two farms make a contrast in their geographical condition. Farm A can yield higher quality of roses, as located in mountainous area and cooler climate, which is suitable for rose production. Farm B is located in flat lowland area, which causes higher temperature and lower quality of roses.
Integrated information collected by Sasaki [5] and the survey by the authors indicates that the Farm A achieves high performance, as they produce high-quality flowers, sold at high price. The farmer operates 15rai farm including rose production of 2rai. He hires 4 labors, and sells the flowers at Bangkok through middlemen. On the other hand, Farm B conducts typical rose production. Their rose flowers have lower quality, and the selling price is a half of that of Farm A. The farmer operates 2 rai for rose, hiring 1 labor, and sell the flowers at Chiang Mai through middlemen.
In Farm B, it is observed that the farmer applies too much agrochemical. According to our survey in May 2006, the farmer sprayed agrochemicals every 6 days, including insecticide against hornworms and thrips, disease control against fungus and black spot and fertilizer, spending approximately 3,600baht in the month. To decide the timing and amount of spraying, she just followed advices from an agrochemical salesman, not from extension officers. The reason was simple. The salesman visits her almost everyday. On the other hand, the extension officers visit her only every month or every 2 months. Therefore she tends to appreciate salesman, not extension officers, even though salesman's advice exhibits "the upper limit" of the agrochemical usage. Figure 3 shows the cost structure of these 2 farms. Though the geographical conditions are different between 2 farms, the cost structures are similar, which are 10,697baht per rai per year on Farm A and 9,334baht on Farm B. The farmers spend a lot in pesticide, which is approximately 40% of the total cost. The next largest part of the cost is labor, which is at around 30%. There are relatively larger differences on the depreciation cost and that of fertilizer. The reason of such a difference on depreciation cost would be the fact that the farm A has a car for transportation, whose depreciation cost is 1,500baht (14%). The reason of the difference in fertilizer's cost is not clear. But in (199) Though the ATRACT project has developed many technologies, more development is required especially on rose production. In addition to the technological development, the technology extension would be the next challenges to attain the agrochemical reduction. If a certain technology is well developed and extended in rose, farmers can get greater economic benefit.
Developed environmentally-friendly technologies are often considered as they cause positive effect on the environment but have negative effect on the production cost. This idea has been the main obstacle for the technology extension. The results of our survey show that the technologies for agrochemical reduction have the viability to be extended more smoothly because of its economic benefits. To make sure this feasibility, further researches would be required. 
